The family Herpesviridae consists of enveloped, double-stranded DNA viruses, which are classified into three subfamilies-Alphaherpesvirinae, Betaherpesvirinae, and Gammaherpesvirinae-that cause significant disease in a range of species (Roizman and Pellet, 2001 ). In Macropodidae (kangaroos and wallabies), three distinct herpesviruses have been identified. Macropodid herpesvirus 1 and Macropodid herpesvirus 2 (MaHV-1 and MaHV-2, both alphaherpesviruses) and Macropodid herpesvirus 3 (MaHV-3, a gammaherpesvirus) have been detected in captive and wild animals (Vogelnest and Woods, 2008; Wilcox et al., 2011) . Infection with MaHV-1 or MaHV-2 can cause severe disease or death (Vogelnest and Woods, 2008) , whereas the clinical significance of MaHV-3 infection has not been definitively determined (Smith et al., 2008; Wilcox et al., 2011) . In other marsupials, electron microscopy and serologic surveys have provided evidence of herpesvirus infection in possums (Trichosurus vulpecula), dasyurids (Phascogale tapoatafa and Antechinus stuartii), and wombats (Vombatus ursinus), but no sequence data from these viruses have been reported (Webber and Whalley, 1978; Barker et al., 1981; Rothwell et al., 1988; Rice and Wilks, 1996) . To our knowledge, no evidence of herpesvirus infection in koalas (Phascolarctos cinereus) has been reported.
We collected wild, male koalas with clinical disease from three sites in Victoria, Australia, during April and May 2010 (Table 1) . Postmortem examinations were conducted and various swab and tissue samples were collected to test for herpesvirus infection by PCR (Table 1 ). All samples were homogenized using a multidirectional stopcock (B. Braun, Melsungen AG, Melsungen, Germany) in Dulbecco's minimal essential medium (SigmaAldrich, St. Louis, Missouri, USA) supplemented with 1% v/v fetal bovine serum (Sigma-Aldrich), 10 mM HEPES, pH 7.6 and 50 mg/ml gentamicin (Sigma-Aldrich). Homogenates were filtered (0.45 mm filter, Millipore, Billerica, Massachusetts, USA), and DNA was extracted (QIAamp Viral RNA Mini Kit, Qiagen, Hilden, Germany). Extracted DNA was used as template in a generic pan-herpes PCR, using primers targeting a conserved region of the herpesvirus DNA polymerase gene, approximately 210-230 base pairs (bp) in length (Chmielewicz et al., 2003) . Positive results were obtained from the liver and spleen samples of Koala A, the nasal scraping of Koala B, and the spleen of Koala C (Table 1) . Each PCR product was purified (Gel Extraction Kit, Qiagen) and sequenced (Big Dye Terminator version 3.1, Applied Biosystems, Carlsbad, California, USA). The 165-bp sequences of the amplified DNA products were identical. To obtain additional sequence information, a second PCR was performed using the degenerate primer KG1 (Chmielewicz et al., 2003) , paired with a virus specific primer (59-GTTGACTCTGCAGGGAA-GAA-39). This extended the sequence available for analysis to 269 bp.
The predicted amino acid sequence was compared with sequences in Genbank (http://www.ncbi.nlm.nih.gov/) using BLASTX. The first 100 matches were from viruses within the subfamily Gammaherpesvirinae. To further examine the relationship between this virus and other herpesvirus subfamilies, the amino acid sequence was aligned with representative sequences from the three Herpesviridae subfamilies, including herpesviruses from a range of host species. Alignments were performed using ClustalW (Larkin et al., 2007; Fig. 1A ). An unrooted maximumlikelihood tree was generated with these sequences. Divergences between pairs of aligned sequences were calculated and distance trees were derived using the Jones-Taylor-Thornton model of amino acid replacement, with four substitution rate categories. The reliability of each tree branch was tested using 100 replicates in a bootstrapping analysis (GENEious, Biomatters Ltd., Auckland, New Zealand; Fig. 1B) .
The results from these analyses clearly identified the virus as a novel herpesvirus within the Gammaherpesvirinae subfamily (Fig. 1) ; however, additional studies are needed before the relationship between this virus and other gammaherpesviruses can be further defined. The virus has been tentatively designated Phascolarctid herpesvirus 1 (PhaHV-1), following current conventions for herpesvirus nomenclature. This is the first herpesvirus, to our knowledge, to be identified in koalas and only the second gammaherpesvirus to be identified in a marsupial. Its detection in wild koalas suggests that koalas are a natural host for this virus because gammaherpesviruses generally exhibit a narrow host range (Roizman and Pellet, 2001) . The widespread distribution of the infected animals, including one animal from an island population (Raymond Island, Australia), provides additional evidence that koalas are the natural host.
There did not appear to be any clinical signs common to the three infected Unrooted maximum-likelihood tree of the amino acid sequence of the DNA polymerase gene. Divergences between pairs of aligned sequences were calculated and distance trees were derived using the Jones-Taylor-Thornton model of amino acid replacement, with four substitution rate categories. Bootstrapping values (n5100) are shown for each branch. A circle marks the position of PhaHV-1. Abbreviations and Genbank accession details: bovine herpesvirus 4 (BHV-4: NP_076501.1), saimirine herpesvirus 2 (SaHV-2: NP_040211.1), Atlantic bottlenose dolphin herpesvirus (AbdHV: ABC33906.1), ateline herpesvirus 3 (AtHV-3: NC_001987.1), human herpesvirus 8 (HHV-8: YP001129355.1), equine herpesvirus 2 (EHV-2: NP_042605.1), human herpesvirus 4 (HHV-4: YP401712.1), cercopithecine herpesvirus 15 (CeHV-15: YP068007), callitrichine herpesvirus 3 (CalHV-3: NP_7338557.1), macropodid herpesvirus 2 (MaHV-2), human herpesvirus 1 (HHV-1: CAA26941.1), porcine cytomegalovirus (PCMV: AAF80111.1), and human herpesvirus 6 (HHV-6: NP_042931.1). Sequence data for MaHV-2 was obtained from Wilcox et al. (2011). animals, but histopathologic examination revealed marked to severe lymphoid depletion in the spleen and various lymph nodes of all three koalas. These findings are consistent with stress of a prolonged nature, such as suboptimal habitat or chronic infectious disease (Ladds, 2009) . Herpesviruses can establish latent infections in various lymphoid tissues, B-and T-lymphocytes, epithelial cells, and nervous tissue. Reactivation of latent infection can occur periodically, particularly during times of immunosuppression (Guliani et al., 1999; Roizman and Pellet, 2001) . The virus detected in these koalas may have reactivated because of stress associated with other clinical conditions, particularly in Koala B, in which virus was detected only in nasal tissue (Table 1) . Gammaherpesviruses do not typically establish latency in nasal tissues but are shed from that site during active infection (Hussy et al., 2002) . The detection of virus DNA in the liver (Koala A) or spleen (Koalas A and C) could be associated with either active or latent infection. We inoculated PCRpositive samples onto subconfluent monolayers of wallaby fibroblast cells (Uren et al., 1966) but did not observe cytopathic effects consistent with herpesvirus infection.
Future studies to determine the extent of gammaherpesvirus infection in koala populations, as well as studies to examine correlations between infection and disease, will provide data on the pathogenicity and significance of this virus. Koala populations are declining, due primarily to habitat loss; the remaining, fragmented populations are unsustainable and under threat from inbreeding and disease (Anonymous, 2006) . It is important, therefore, to improve our knowledge of the pathogens of koalas and to determine the role that this gammaherpesvirus may play in disease.
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